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I Clustering in 13C excited states J

* Clustering in phenomena in 13C and rotational bands;
* The spectroscopy of 3C above a-threshold;
*  Compound-nucleus model and R-matrix calculations;

[ h
New data from o.+°Be elastic scattering J

* The Naples experiment: a.+°Be resonant elastic backscattering;

A
I R-matrix fit of data J

e Preliminary results from elastic (o) and inelastic (o, o.,) data;
* Possible interpretations;
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Clustering in 13C: molecular bands

Near and above the a-threshold —>different a-cluster
configurations proposed for 13C >theoretical works:

rotating

deformed

structures > M. Milin and W. Von Oertzen EPJ A 14 (2002) 295

rotational proposed parity doublet band of 9Begs + o cluster prolate configuration -
bands. Jr assigments based on the rotational bands (K=3/2%).
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Clustering in 13C: molecular bands

Near and above the a-threshold —>different a-cluster
configurations proposed for 13C >theoretical works:
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rotational proposed parity doublet band of 9Begs + o cluster prolate configuration -
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@ state in 13C) like states analog of Hoyle state in 13C:

‘Be+a,
Y. Chiba and M. Kimura, J. Phys. Conf. Ser. 569 (2014) 012047
molecular bands (K=1/2%).

2C+n T. Yamada and Y. Funaki, Phys. Rev. C 92 (2015) 034326
1/2*; state predicted at 14.9 MeV with a strong 12C(0*,) + n spectroscopic
factor - analog of Hoyle state in 13C.
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Clustering in 13C: molecular bands

T. Yamada and Y. Funaki, Phys. Rev. C 92 (2015) 034326
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The spectroscopy of 13C
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The spectroscopy of 13C
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The spectroscopy of 13C

c_g_ é 8 1738 To investigate the structure of 13C above the a-threshold
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Data from RES experiments: 0. 5MeV < E, < 3.5MeV
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Data from RES experiments: E;, > 3.5MeV
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The experiment: technical details

Beam: ‘He** = E ,,: 3.6 — 10 MeV
(60keV step, 110 energy changes, energy
spread < 3 keV) TTT-3MV of Laboratorio
Acceleratore — Naples, Italy

Univ. degli Studi di Napoli Federico Il & INFN - Napoli

Silicon SB and PIPS detectors:
energy resolution 7.0 — 10 %o

2000 3000 4000 5000
channels
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Thick target experiment: cross check

g M x-section cross check with thick target method
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do/dQ) °Be(a,0,) elastic backscattering
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1%t point > check of our
data (excitation function
at 160°) with a thick
target backscattering
experiment .

2" point = check of our
data with the literature:

Goss et al PRC 7 (1973)
(157.3°,130° and 114°)
- match of shapes and
absolute values

Taylor et al NPA (1965)
(136°and 118°) 2>
match of shapes and
absolute value at higher
energies

Freer et al PRC 84 (2011)
(more backward angle,
180°) = match of the
shape.
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do/d(2 °Be(a,a, ,) inelastic data

= 500 p———1—

% : ] J— {5/24}- 3.05

450 | = Be ]

Z [ E(X, 9.24 MeV el ] //,/ [1/2%] 2.78

' 400 F 8|ab=7o 1.7 [5/2:}-- 2.43
Z i - e
LZL 350 P [1/24]-- 1.684
o 300 | [3/2] 0.0
. :

o S 250F 9Be
S 3 :

(- O [
2 200 |
L 150 | Identification of the a,; and ., groups
S : by means of a multi-parametric fit 2>
=3 100 continuus background (exponential) to
E 50 | reproduce the data.
© ;
o 0 -

= State at 2.78 MeV (broad) not
2 Energy (MeV) included in the fit = never observed
= in inelastic scattering reactions.
©

> —_ L s .
'c Vanishing contribution of a particles
-

from °Be break-up = Monte Carlo
calculation.

Daniele Dell’Aquila (dellaquila@na.infn.it) — Rmatrix’16, Santa Fe (NM), June 28t" 2016



R-matrix fit: preliminary results

AZURE R-Matrix Program
AZURE?2

Comprehensive R-matrix fit of °Be(a,a) data (9,,=160°, 150°,
135° and 110°) and °Be(a.,a, ,) data (9,,,=70°) > AZURE2
program. Inclusion of Goss et al. data at low energies (157.3°,
green triangles).

Channels used to reproduce the data:

‘Be(a, o)
‘Be(a,0,)
‘Be(a,0,)
‘Be(a,n)

Univ. degli Studi di Napoli Federico Il & INFN - Napoli
A WDNPRE
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R-matrix fit: preliminary results

« AZURE R-Matrix Program
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R-matrix fit: summary of the spectroscopy

i Ajzemberg-Selove Goss et al. Freer et al. Our Data
o E, (MeV) I I (keV) E, (MeV) Jr T (keV) E, (MeV) Jr I (keV) E, (MeV) Jr I (keV)
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! 12.14 1/2- VEVE)
prd 12.18 3/2- 150 + 40
LL 12.43 7/2- 140 + 30
Z
— 13.28 (3/2-) 340
05 13.41 (9/2-) 35
— 13.57 7/2- 620
- 13.76 (5/2,3/2)+ ~ 300
= 14.13 3/2- ~ 150
-
(ab) 14.39 (1/2,5/2)- 280+70
D
LL 14.58 (7/2+,9/2+) 230+ 60
—— 14.98 (7/2-) 380 + 60
o
o 15.10(8) 3/2- 5.5
© 15.27 9/2+
Z 15.53 (3/2-) 150 + 30
©
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Conclusions and Perspectives

» Investigations of 13C spectroscopy at E, larger than the « emission threshold - useful
method to unveil cluster structures in non self-conjugated nuclei

* A possible reaction 2 °Be(a,a) RES-> few data available in the literature (many
uncertainties in J* assignments)

* A new experiment carried out at Laboratorio dell’Acceleratore (TTT-3MV) of the University
of Naples “Federico II” - direct kinematics - excitation functions of °Be(a,0,,) EBS at 9, =
110°, 135°, 150°, 160°in E, = 3.6 — 10 MeV energy range - inelastic o, and o, at 9,,, = 70°

« Comprehensive R-matrix fit of the data by including the °Be(a, ) data (160°, 150°, 135°
and 110°), the °Be(a.,a., ,) data (70°) and the low energy points from Goss et al.

« Strong efforts to fit data at various angles - reproduction of data with a reasonable set of
parameters in a wide energy range - new preliminary spectroscopic information in the
region E, = 16 MeV — 17 MeV

» New data with different techniques and channels would help in the understanding of 12C
spectroscopy in this complicated region.

Univ. degli Studi di Napoli Federico Il & INFN - Napoli

Thank you for your attention.
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The experiment: technical details

Target °Be 4 129 pg/cm?
Formvar - 6 ng/cm?
= Build-up (other experiments)
8_ Yo, ~
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| "~~?3![ o Y 0\/;, Laboratori Nazionali del Sud - Catania
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L .'A LA B L L L AL L L B L
Z 400 F -
— L @ J
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% LL] 1st cont l/ E,=6.780 MeV
= S - By0=160°
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- cont
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e
o 12 - ;
— C 200 8 .
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O [ o=
< . © .
pa E _ i -
= 100 | i L |
c L
= A . |
* good identification of scattering events :
= kinematics and target structure 0_'"“&’ W M o
* very low background 1000 2000 3000 4000 5000
channels

Excitation fucntions at various angles



